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NANEN-F 


Honorable  Hugh  L.  Carey 
Governor  of  New  York 
Albany,  New  York  12224 


Dear  Governor  Carey: 

The  purpose  of  this  letter  is  to  inform  you  of  a clarification  of  the  guide- 
lines used  by  this  office  in  assessing  dams  under  the  National  Program  of 
Inspection  of  Dams. 

Office  of  the  Chief  of  Engineers  has  recently  provided  a clarification  that 
dams  with  seriously  inadequate  spillways  are  to  be  assessed  as  unsafe,  non- 
emergency, until  more  detailed  studies  prove  otherwise  or  corrective  measures 
are  completed. 

The  following  dams  in  your  state  have  previously  been  assessed  as  having 
seriously  inadequate  spillways,  with  capability  to  pass  safely  only  the  per- 
centage of  the  probable  maximum  flood  as  noted  in  each  report.  They  are  now 
to  be  assessed  as  unsafe: 


I.D.  NO. 

NAME  OF  DAM 

N.Y.  59 

Lower  Warwick  Reservoir  Dam 

N.Y.  4 

Salisbury  Mills  Dam 

N.Y.  45 

Amawalk  Dam 

N.Y.  418 

Jamesville  Dam 

N.Y.  685 

Colliersville  Dam 

N.Y.  6 

Delta  Dam 

N.Y.  421 

Oneida  City  Dam 

N.Y.  39 

Croton  Falls  Dam 

N.Y.  509 

Chadwick  Dam  (Plattenkill) 

N.Y.  . 66 

Boyds  Corner  Dam 

N.Y.  397 

Cranberry  Lake  Dam 

N.Y.  708 

Seneca  Falls  Dam 

N.Y.  332 

Lake  Sebago  Dam 

N.Y.  338 

Indian  Brook  Dam 

N.Y.  33 

Lower(S)  Wiccopee  Dam  (Lower 
Hudson  W.S.  for  Peekskill) 

NANEN-F 

Honorable  Hugh  L.  Carey 


I.D.  NO. 

NAME  OF  DAM 

N.Y.  49 

Pocantico  Dam 

N.Y.  445 

Attica  Dam 

N.Y.  658 

Cork  Center  Dam 

N.Y.  153 

Jackson  Creek  Dam 

N.Y.  172 

Lake  Algonquin  Dam 

N.Y.  318 

Sixth  Lake  Dam 

N.Y.  13 

Butlet  Storage  Dam 

N.Y.  90 

Putnam  Lake  (Bog  Brook  Dam) 

N.Y.  166 

Pecks  Lake  Dam 

N.Y.  674 

Bradford  Dam 

N.Y.  75 

Sturgeon  Pool  Dam 

N.Y.  414 

Skaneateles  Dam 

N.Y.  155 

Indian  Lake  Dam 

N.Y.  472 

Newton  Falls  Dam 

N.Y.  362 

Buckhorn  Lake  Dam 

Hie  classification  of  "unsafe"  applied  to  a dam  because  of  a seriously  in- 
adequate spillway  is  not  meant  to  connote  the  same  degree  of  emergency  as 
would  be  associated  with  an  "unsafe"  classification  applied  for  a structural 
deficiency.  It  does  mean,  however,  that  based  on  an  initial  screening,  and 
preliminary  computations,  there  appears  to  be  a serious  deficiency  in  spill- 
way capacity  so  that  if  a severe  storm  were  to  occur,  overtopping  and  failure 
of  the  dam  would  take  place,  significantly  increasing  the  hazard  to  loss  of 
life  downstream  from  the  dam. 

Consequently,  it  is  advisable  to  implement  the  recommendations  previously 
furnished  in  the  reports  for  the  above-mentioned  dams  as  soon  as  practicable. 

It  is  requested  that  owners  of  these  dams  be  furnished  a copy  of  this  letter 
and  that  copies  be  permanently  appended  to  all  reports  previously  furnished 
to  you. 


Cincerely  yours. 


CLARK  H.  BENN 

Colonel,  Corps  of  Engineers 
District  Engineer 
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ASSESSMENT  OF 
CENERAL  CONDITIONS 


A considerable  portion  of  the  earth  embankment  of  the  Chadwick  Lake 
Dam  (formerly  known  as  Plattekill  Dam)  is  heavily  overgrown  with  trees 
and  underbrush. 

The  spillway  section  w as  analyzed  for  stability  and  found  to  be  unstable 
for  the  ice  loading  condition.  In  addition,  the  foundation  reaction  was 
found  to  be  outside  of  the  middle  third  for  the  reservoir  elevation  at  the 
top  of  the  embankment.  The  spillv/ay  should  be  strengthened  to  provide 
adequate  factors  of  safety.  Inspection  of  the  concrete  spillway  structure 
revealed  serious  spalling,  some  undermining  and  a need  for  surface 
) repair. 

The  spillway  was  found  to  be  capable  of  passing  only  36  per  cent  of  the 
PMF  before  overtopping  of  the  embankment.  Therefore,  the  spillway 
should  be  considered  seriously  inadequate  as  described  in  Engineering 
Technical  Letter  no.  1110-2-234.  Around  the  clock  surveillance  should 
be  provided  during  periods  of  unusually  heavy  rainfall.  A warning  system 
should  be  established  for  the  protection  of  downstream  residents  and 
businesses. 
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PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
NAME  OF  DAM  CHADWICK  LAKE  DAM  ID//  NY  509 

SECTION  I - PROJECT  INFORMATION 


1.1  GENERAL 

a.  Authority  - This  report  is  authorized  by  the  Dam 
Inspection  Act,  Public  Law  92-367,  and  has  been  prepared  in  accordance 
with  contract  //1467.021  between  O'Brien  and  Gere  Engineers,  Inc.,  and 
the  New  York  State  Department  of  Environmental  Conservation. 

b.  Purpose  of  Inspection  - The  purpose  of  this  inspection  is  to 
evaluate  the  structural  and  hydraulic  conditions  of  Chadwick  Lake  Dam 
and  appurtenant  structures,  and  to  determine  if  the  dam  constitutes  a 
hazard  to  human  life  or  property. 

1.2  PROJECT  DESCRIPTION  (From  drawings  on  file  with  the  New 
York  State  Department  of  Environmental  Conservation). 

a.  Description  of  Dam  and  Appurtenances  - Chadwick  Lake 
Dam  and  Chadwick  Lake  are  located  in  the  Town  of  Newburgh  in  Orange 
County,  about  four  and  one  half  miles  northwest  of  the  center  of  the 
City  of  Newburgh.  In  the  year  1926,  Chadwick  Lake  Dam  (formerly 
known  as  Plattekill  Dam)  was  constructed  across  Quassaick  Creek,  which 
drains  into  the  Hudson  River  along  the  southern  boundary  of  the  City  of 
Newburgh. 

The  dam  is  an  earth  fill  embankment  with  a concrete  core  wall 
and  consists  of  the  following  materials: 

1.  Upstream  earth  fill  - materials  not  indicated 

2.  Core  wall  - concrete,  no  reinforcing  indicated 

3.  Downstream  earth  fill  - materials  not  indicated 

4.  Upstream  face  of  embankment  - Rock  paving,  12"  thick 

5.  Downstream  face  of  embankment  - Top  soil  facing,  12" 
thick. 

The  dam  has  a maximum  height  of  about  37  feet  and  is 
approximately  570  feet  long  including  the  spillway.  The  top  width  of  the 
dam  is  20  feet  wide  and  consists  of  an  earth  surface.  The  upstream  slope 
is  2}  horizontal  to  1 vertical  and  has  a rock-paved  face  (riprap  set  in 
place).  The  downstream  slope  is  2 horizontal  to  1 vertical  covered 
originally  with  a 12"  deep  layer  of  topsoil.  The  topsoil  layer  extends  over 
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the  top  of  the  embankment  to  the  upstream  rock  paved  surface.  Refer 
to  Figure  5 for  details  showing  the  transverse  se^.ion  of  the  embank- 
ment. 

There  are  two  separate  outlet  works  to  release  water  from  the 
reservoir.  One,  located  along  the  upstream  toe  of  the  embankment 
approximately  at  the  center  of  the  dam,  consists  of  a 36-inch  cast  iron 
pipe  and  a concrete  inlet  structure,  with  trash  rack.  The  pipe  has  a 
series  of  8 concrete  cut-off  walls,  located  alona  the  pipe  at  the  pipe 
joints.  Flow  is  controlled  by  means  of  a 36"  gat  valve  located  at  the 
outlet  end  of  the  pipe.  The  gate  valve  and  its  gear  reduction  handwheel 
operator  is  located  in  a concrete  and  brick  gatehouse  near  the 
downstream  toe  of  the  embankment.  Figure  5 shows  the  details  of  this 
outlet  pipe.  The  other  outlet  works  is  located  alongside  the  left 
abutment  of  the  spillway  and  consists  of  two  30-inch  cast  iron  pipes  and 
a concrete  inlet  structure,  with  trash  rack,  set  in  the  upstream  slope  of 
the  embankment.  The  pipes  have  a series  of  3 concrete  cut-off  walls  and 
outlet  into  a concrete  slope  protection  structure.  The  concrete  slope 
protection  structure  slopes  downward  with  a drop  of  3 feet  in  a length  of 
18  feet.  Flow  is  controlled  by  means  of  two  30-inch  gate  valves,  located 
with  their  geared  handwheel  operators  in  a concrete  and  brick  gatehouse. 
Figure  6 shows  the  details  of  this  outlet  works.  The  elevations  of  the 
two  different  outlet  works  are  such  that  the  36-inch  pipe  may  be  used  to 
drain  the  reservoir,  and  the  two  30-inch  pipes  may  be  used  to  release 
water  from  about  ten  feet  below  the  normal  pool  elevation. 

The  dam  and  appurtenant  structures  were  originally  built  for  the 
Newburgh  Bleachery  to  insure  a steady  water  supply  for  the  Bleachery 
located  downstream  in  the  City  of  Newburgh.  The  Bleachery  has  been 
discontinued  and  the  dam  and  reservoir  are  owned  by  the  City  of 
Newburgh  and  used  as  a source  for  water  supply.  The  water  filtration 
plant  is  located  a short  distance  downstream  of  the  dam.  The  area 
surrounding  the  reservoir  is  also  used  for  recreational  purposes  and  is 
maintained  by  the  city  water  department. 

Neither  the  "Application  for  the  Construction  or  Reconstruction 
of  a Dam"  originally  filed  with  the  State  of  New  York,  Deportment  of 
State  Engineer  and  Surveyor  nor  the  existing  plans  indicate  who  designed 
the  dam  and  appurtenances.  Details  concerning  the  construction  history 
were  not  made  available. 


b.  Size  Classifier  :on  - The  Chadwick  Lake  reservoir  was 
designed  for  a storage  volume  of  800  million  gallons  (2,450  acre-feet)  at 
the  spillway  crest  elevation  of  450  feet  mean  sea  level  (MSL).  The 
maximum  height  of  the  dam  is  37  feet.  Since  the  normal  storage  volume 
is  2,450  acre-feet,  the  dam  is  in  the  intermediate  size  category  as 
defined  by  the  Recommended  Guidelines  for  Safety  Inspection  of  Dams. 

c.  Hazard  Classification  Chadwick  Lake  Dam  creates  an 
impoundment  of  2,450  acre-feet.  Failure  of  this  dam  would  release  a 
flood  wave  of  extreme  magnitude.  The  immediate  effect  would  be  to 
seriously  damage  or  destroy  the  water  filtration  plant  of  the  City  of 
Newburgh,  shutting  off  its  source  of  potable  water.  The  flood  wave 
would  then  continue  downstream  causing  serious  damage  to  homes, 
highways,  utilities  and  businesses.  The  valley  of  Quassaick  Creek  is 
lightly  populated  immediately  downstream  of  the  dam,  and  the  com- 
munity of  Gardnertown  is  located  about  miles  downstream.  From 
that  point,  an  additional  2 to  2%  miles  downstream  to  Glenwood  Park  and 
the  City  of  Newburgh,  the  housing  density  increases  significantly  and  the 
potential  loss  of  life  can  be  considered  high.  Therefore,  the  Chadwick 
Lake  Dam  is  in  the  high  hazard  category  as  defined  by  the  Recommended 
Guidelines  for  Safety  Inspection  of  Dams. 

1.3  PERTINENT  DATA  (From  information  furnished  by  the  New 
York  State  Department  of  Environmental  Conservation  and  the  visual 
inspection) 


a.  Drainage  Area  - The  drainage  area  of  Chadwick  Lake  is 
about  13.5  sguare  miles.  This  has  been  confirmed  from  use  of  United 
States  Geological  Survey  guadrangle  sheets  (7.5  minute)  for  Newburgh, 
N.Y.  and  Clintondale,  N.Y.  The  surface  area  of  the  lake  is  0.41  square 
miles  at  the  spillway  crest  (elevation  450.0). 

b.  Discharges  - Discharge  from  the  lake  can  be  accomplished 
through  the  operation  of  one  36"  gate  valve  and  two  30"  gate  valves.  In 
addition  a new  intake  structure  with  a pumped  discharge  has  been 
installed  to  supply  the  filter  plant. 

A small  discharge  is  being  released  to  augment  the  spillway 
overflow  and  maintain  flow  in  Quassaick  Creek  downstream. 

Chadwick  Lake  is  being  used  primarily  as  a water  supply 
reservoir. 


c.  Reservoir  Data 

Normal  Operating  Pool  (Spillway  Elevation  450.0) 

Length  - 8,500  feet 
Area  - 260  acres 
Volume  - 2,450  acre-feet 

Top  of  Dam  (Elevation  455.0) 

Length  - 8,700  feet 
Area  - 278  acres 
Volume  - 3,840  acre-feet 

d.  Dam  Data 

Type  - earth  embankment 
Top  Elevation  - 455.0  feet  (MSL) 

Streambed  elevation  at  centerline  of  dam  - Approximately 
418  feet 

Length  - 570  feet,  including  spillway 
Top  width  - 20  feet 

Side  slopes  - upstream  slope  2$:1  (horizontal  to  vertical); 

downstream  slope  2:1 
Zoning  - none  indicated 
Impervious  Core  - concrete 

Cutoff  - plans  indicate  a concrete  core  wall  carried  to 
rock  or  a firm  foundation  about  7 to  8 feet  below 
the  reservoir  bed 

Spillway  - concrete,  gravity  cross-section,  with  concrete 
abutment  wing  walls,  built  on  ledge  rock.  The 
plans  and  visual  inspection  are  not  in  agreement  as 
to  the  shape  of  the  cross-section 

e.  Outlet  Works  - The  outlet  works  now  installed  at  the  dam 
consist  of  three  main  elements  as  follows: 

1)  Two  30-inch  cast  iron  pipes  are  located  alongside  the  left 
abutment  of  the  spillway.  These  pipes  are  set  at  an  elevation  so  as  to 
release  water  from  a level  10  feet  below  the  spillway  crest.  Flow  is 
controlled  by  a 30-inch  manually  operated  gate  valve  on  each  pipe 
located  at  the  outlet  end  of  the  pipe.  Under  normal  conditions  these 
pipes  are  seldom  used. 


2)  A 36-inch  cast  iron  pipe  is  located  at  approximately  the 
center  of  the  dam.  This  pipe  is  set  at  an  elevation  with  its  invert  30  feet 
below  the  spillway  crest  level  and  was  originally  used  to  drain  the  lake. 
Flow  is  controlled  by  a 36-inch  manually  operated  gate  valve  located  at 
the  outlet  end  of  the  pipe. 

3)  A new  intake  structure  has  been  added  to  obtain  water  for 
water  supply  to  the  filtration  plant.  This  consists  of  a cylindrical  metal 
intake  tower  mounted  on  the  inlet  structure  for  the  36-inch  pipe.  This 
structure  supports  a low  head  propellor  type  pump  which  delivers  water 
over  the  top  of  dam,  through  a 12-inch  pipe,  to  the  supply  pipe  to  the 
filtration  plant.  This  enables  the  plant  operator  to  draw  water  from  the 
lake  at  a higher  level  than  the  36-inch  pipe  in  order  to  provide  a better 
quality  of  water.  The  pump  is  driven  by  a 10  horsepower  motor;  the  12- 
inch  discharge  pipe  lies  on  the  downstream  surface  of  the  embankment. 
At  its  lower  end,  near  the  toe  of  slope,  this  pipe  is  interconnected  with 
the  36-inch  cast  iron  pipe  through  a 20-inch  connection  and  there  is  a 24- 
inch  pipe  supplying  the  filtration  plant.  The  36-inch  pipe  is  capped  with  a 
blind  flange  and  there  is  a 12-inch  blow-off  pipe  for  releases  to  Quassaick 
Creek  if  desired. 


4)  Two  "octupus"  type  aerators  have  been  installed  just 
upstream  of  the  upstream  toe  of  the  embankment  to  improve  the  oxygen 
content  of  the  water  being  drawn  from  the  lake.  These  aerators  are 
supplied  by  a 2-inch  pipe  from  a 15-horsepower  air  compressor  located  on 
the  lake  shore  near  the  left  abutment  of  the  dam. 

f.  Engineering  Data  - The  information  available  for  review  of 
Chadwick  Lake  Dam  included: 

1)  A set  of  four  drawings  for  the  Plattekill  Dam  (now  known 
as  Chadwick  Lake  Dam)  and  appurtenances. 

2)  Copy  of  "Application  for  the  Construction  or  Reconstruc- 
tion of  a Dam"  for  Plattekill  Dam,  filed  December  23,  1925,  approved 
February  1,  1926 

3)  Copy  of  Parts  1 and  2,  Inventory  of  Dams  in  the  United 
States,  giving  data  on  Plattekill  Dam. 

4)  Rainfall  Data  filed  with  the  application,  2),  for  the  years 
1900  to  1918. 

5)  Dam  Inspection  Report,  dated  9/18/74 

6)  Testing  Laboratory  Report  for  sand  and  cement  briquettes, 
dated  December  23,  1926. 


1.4 


OPERATING  AND  MAINTENANCE  PROCEDURES 


a.  Operation  - Normal  withdrawal  of  water  from  the 
reservoir  for  water  supply  purposes  is  by  means  of  the  intake  structure 

> described  in  item  e.  3).  above.  The  reservoir  may  be  drained  part  way  (to 

elevation  439.0)  by  means  of  the  two  30-inch  outlet  pipes.  The  use  of  the 
36-inch  outlet  pipe  to  drain  the  reservoir  completely  (to  elevation  420.0) 
would  require  removal  of  the  36-inch  blind  flange  at  the  pipe  outlet  to 
make  use  of  the  full  capacity  of  the  36-inch  pipe. 

b.  Maintenance  of  Dam  and  Operating  Eacitities  - The 
growth  of  large  trees  and  dense  underbrush  on  the  earth  embankment  are 
indications  of  poor  maintenance.  The  spillway  structure  is  in  need  of 
extensive  surface  repair  to  correct  spalling  and  undermining  damage. 
The  spillway  inlet  channel  needs  dredging  and  clearing  to  provide  free 
flow  of  water  to  the  spillway.  The  spillway  outlet  channel  needs  clearing 
of  trees,  brush  and  debris  to  provide  a free  flow  outlet  channel.  All  of 
the  above  should  be  carried  out  on  a continuing  basis.  The  intake 
structure  for  water  supply  appears  to  be  well  maintained  and  is  in 
constant  operation.  According  to  the  water  plant  superintendent,  the 
outlet  valves  on  the  36-inch  and  two  30-inch  drain  pipes  are  operated 
twice  a year  to  insure  their  operating  condition  when  needed. 

c.  Flood  Warning  System  - Operating  personnel  stated  that 
no  flood  warning  system  has  been  established. 


SECTION  2 - VISUAL  INSPECTION 


2.1  FINDINGS 

a.  General  - The  field  inspection  of  Chadwick  Lake  Dam 
took  place  on  June  26,  1978.  The  lake  water  surface  elevation  was  about 
451  feet  Mean  Sea  Level  during  the  inspection  visit.  No  underwater 
areas  were  inspected. 

b.  Embankment  - The  riprap  on  the  upstream  face  appears  to 
have  been  hand  placed,  but  is  not  grouted  in  place.  The  top  surface  is  a 
lightly  macadamized  surface  with  loosely  placed  large  stones.  The 
upstream  face  has  considerable  small  brush  and  grass  growing  at  the  top 
of  the  slope.  From  the  size  of  the  trees  their  root  systems  should  be 
extensive.  Several  trees  had  been  cut  off  near  their  base,  leaving  a short 
stump  and  the  root  system  in  place.  At  one  location  a tree  had  broken 
off  and  fallen,  creating  some  problems.  The  earth  fill  displaced  by  the 
root  movement  has  been  replaced  by  about  3 feet  of  stone  fill,  according 
to  Mr.  Haffen,  the  Plant  Superintendent  of  the  Filter  Plant.  New  riprap 
has  been  placed  to  reinforce  the  existing  riprap. 

The  downstream  face  is  well  covered  with  brush  and  trees, 
virtually  a wooded  area.  There  are  no  significant  signs  of  seepage  on  the 
upper  portion.  There  is  some  surface  wetness  near  the  toe,  which  could 
be  from  surface  run-off.  In  an  area  near  the  left  abutment  of  the 
spillway  there  is  an  exposed  rock  face  just  below  the  toe.  This  rock  face 
has  a depth  of  about  12  feet  and  drops  down  to  the  spillway  outlet 
channel.  The  exposed  rock  appears  to  be  a hard  shale  formation.  The 
spillway  outlet  channel  runs  parallel  to  the  downstream  toe  in  this  area, 
and  is  strewn  with  many  large  boulders  and  debris.  Since  the  outlet 
channel  runs  parallel  to  the  toe  and  water  from  the  spillway  flows  in 
random  directions  among  the  boulders,  it  is  difficult  to  check  for  seepage 
at  the  toe.  At  the  main  outlet  valve  house  there  is  an  open  8-inch  pipe 
flowing  partially  full  (estimated  at  about  £ cubic  feet  per  second).  This 
flow  is  dispersed  among  the  boulders  and  underbrush  along  the  toe. 
Immediately  below  the  toe  at  the  left  abutment  is  a marshy  area. 
Whether  the  water  creating  this  is  caused  by  seepage  through  the 
embankment  or  from  side  slope  sources  is  not  discernable.  There  is  no 
visible  evidence  of  erosion  of  the  earth  fill. 

c.  Spillway  - The  plans  indicate  a concrete  gravity  type 
spillway,  175  feet  long,  with  vertical  upstream  face,  sloping  downstream 
face,  an  ogee  crest,  and  earth  fill  to  elevation  448.0  (MSL)  against  the 


upstream  face.  The  concrete  is  shown  about  2 feet  into  the  underlying 
rock.  Near  the  right  abutment  the  gravity  section  becomes  a concrete 
sill,  4 feet  wide  and  about  3 feet  deep  into  the  rock.  The  entire  spillway 
is  set  between  two  concrete  abutment  winq  walls. 

The  visual  inspection  showed  considerable  variation  from  the 
plans.  The  left  abutment  wing  wall  is  in  satisfactory  condition  with 
minor  spalling  of  the  concrete.  The  crest  of  the  spillway  is  flat  with  a 
length  of  about  30  feet  set  1 foot  lower  than  the  remainder  of  the  crest. 
The  lower  part  has  1 foot  high  stoplogs  installed  to  the  level  of  the 
remainder  of  the  spillway,  and  the  remainder  of  the  spillway  crest  has  2 
rows  of  sandbags  along  its  entire  length.  This  effects  an  increase  in  the 
lake  level  of  about  1 foot.  During  the  inspection,  water  was  spilling  only 
over  the  stop  logged  crest.  The  upstream  face  of  the  spillway  is  silted 
almost  up  to  the  top  of  the  concrete  crest. 

The  downstream  sloping  face  of  the  concrete  spillway  shows 
considerable  spalling  with  exposed  aggregate.  The  concrete  appears  to 
have  been  poured  directly  on  the  rock  surface  and  there  is  moderate 
undermining  evident.  There  is  a large  gouge  running  lengthwise  about  3 
feet  below  the  crest,  with  the  concrete  being  in  better  condition  above 
the  gouge  than  below  it.  It  appears  as  though  repairs  have  been  made  to 
the  original  spillway  crest. 

Flow  from  the  spillway  discharges  into  a wide  ledge  rock 
channel;  a portion  of  the  rock  surface  is  concreted  to  provide  a smoother 
surface  and  to  close  the  rock  seams.  Numerous  trees  and  brush  are  now 
growing  in  this  channel  and  are  rooted  in  the  seams  of  the  rock.  The 
channel  drops  off  rapidly  and  in  parts  very  abruptly  into  an  area  filled 
with  loose  rock  and  boulders,  which  serves  as  an  energy  dissipator.  The 
entire  outlet  channel  turns  to  the  left  and  runs  roughly  parallel  to  the 
downstream  toe  of  the  embankment  until  it  joins  the  channel  of 
Quassaick  Creek. 

d.  Outlet  Works  - Flow  from  the  two  30-inch  outlet  pipes, 
adjacent  to  the  spillway,  is  discharged  into  the  spillway  outlet  channel. 
The  30-inch  qate  valves  are  contained  in  a brick  and  concrete  gatehouse 
built  integrally  to  the  spillway  left  abutment  wing  wall.  The  gatehouse  is 
in  satisfactory  condition.  The  two  manually  operated  gate  valves  are 
operated  about  twice  a year  to  insure  their  operating  condition. 

The  gate  valve  for  the  36-inch  outlet  pipe  is  located  in  a brick 
and  concrete  gatehouse  at  the  downstream  toe  of  the  embankment. 
According  to  the  water  plant  superintendent,  this  pipe  is  seldom  used  to 
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release  water  for  water  supply  because  of  the  poor  quality  of  the  water 
drawn  from  the  bottom  of  the  lake.  The  30-inch  gate  valve  is  operated 
about  twice  a year  to  insure  its  operating  condition.  The  full  capacity  of 
this  pipe  could  not  be  used  to  drain  the  lake  without  first  removing  the 
blind  flange  now  in  place  on  its  outlet. 

The  new  intake  tower  and  discharge  pump  installation  is  in  good 
condition  and  is  operating  satisfactorily  to  provide  water  to  the  filter 
plant. 


e.  Lake  Area  - The  natural  valley  walls  surrounding  the  lake 
have  moderate  slopes  and  are  well  covered  with  trees  and  brush.  Some 
of  the  surrounding  area  is  used  as  a recreational  area  under  control  of 
the  City  of  Newburgh. 

f.  Downstream  Channel  - The  channel  of  Quassaick  Creek 
follows  an  irregular  path  downstream  of  Chadwick  Lake,  passing  through 
Gardnertown,  Glenwood  Park  and  four  small  lakes  before  joining  the 
Hudson  River  at  the  south  boundary  of  the  City  of  Newburgh.  The  water 
filtration  plant  is  located  immediately  downstream  of  Chadwick  Lake 
Dam  at  a bend  in  Quassaick  Creek  and  is  located  at  a potentially 
vulnerable  location,  since  it  presents  a probable  constriction  to  flood 
flows  in  the  creek. 


SECTION  3 - HYDROLOGY  AND  HYDRAULICS 


The  design  flood  used  for  Chadwick  Lake  Dam  is  the  Probable 
Maximum  Flood  (PMF)  according  to  the  Recommended  Guidelines  for 
Safety  Inspection  of  Dams.  The  PMF  was  calculated  from  the  6 hour 
Probable  Maximum  Precipitation,  using  a loss  rate  of  .1  inches  per  hour. 
The  flood  hydrograph  was  developed  from  the  Snyder  unit  hydrograph 
using  average  coefficients.  Flood  routing  was  performed  assuming  the 
two  3D  inch  diameter  discharge  pipes  closed.  The  peak  inflow  and 
outflow  rates  were  calculated  as  15,500  cfs  and  15,100  cfs  respectively. 
The  outflow  peak  would  overtop  the  embankment  by  approximately  2.6 
feet.  Peak  inflow  and  outflow  rates  for  one-half  of  the  PMF  were 
calculated  as  7,750  cfs  and  7,150  cfs  respectively.  The  spillway  capacity 
of  about  4,800  cfs  corresponds  to  the  outflow  related  to  36  per  cent  of 
the  PMF.  Therefore,  the  spillway  is  seriously  inadequate,  as  cited  by 
FTL  1110-2-234. 

Drawdown  analysis  was  performed  assuming  inflow  equals  2 cfs 
per  square  mile  of  drainage  area.  The  time  required  to  drawdown  the 
reservoir  to  elevation  439  is  approximately  17  days. 


( 
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SECTION  4 - STRUCTURAL  STABILITY 


4.1  VISUAL  OBSERVATIONS  AND  DATA  REVIEWS 

No  design  calculations  were  available  for  review.  The  composi- 
tion and  characteristics  of  the  material  used  in  the  earth  embankment 
are  not  known. 

A stability  analysis  was  made  for  the  concrete  spillway  structure 
at  its  maximum  cross-section,  using  dimensions  as  given  in  the  existing 
plans,  modified  based  on  the  visual  inspection.  Factual  data  pertaining 
to  foundation  conditions  are  not  available.  The  rolled  earth  embankment 
on  the  upstream  face  of  the  spillway  was  assumed  to  reduce  the  uplift  at 
the  heel  to  50  per  cent  of  headwater  pressure.  Therefore,  design 
assumptions  concerning  foundation  rock  characteristics  were  based  on 
information  obtained  from  "Application  for  the  Construction  or  Recon- 
struction of  a Dam"  data  and  field  observations  made  during  the  course 
of  the  inspection. 

This  stability  analysis  (see  Appendix  ) indicates  the  spillway 
structure  to  be  stable  for  normal  pool  and  earthguake  loadings.  Tension 
was  found  to  develop  in  the  heel  of  the  spillway  for  the  condition  of 
headwater  at  the  top  of  embankment.  For  the  ice  loading  condition, 
overturning  instability  is  indicated. 


Factors  of  Safety  ^ 
Overturning  Sliding 


Loading  Condition 


Normal  Pool 
Earthquake 

Reservoir  (a)  Top  of  Dam 
Ice  Load  (5  kips) 

Notes: 


2.35 

14.1 

2.22 

13.2 

1.28 

10.2 

.97 

7.8 

Foundation 

Pressures(psi), 

Heel 

Toe 

10.2 

3.8 

11.0 

3.G 

14.6 

-3.8 

29.2 

-15.1 

1)  Sliding  includes  50  psi  shear 

2)  Negative  indicates  tension 


4.2  GEOLOGY  AND  SEISMIC  STABILITY 


Chadwick  Lake  Dam  is  located  on  Quassaick  Creek  in  the 
Hudson-Mohawk  Lowlands  physiographic  province,  a lowland  underlain  by 
Ordovician  shales  and  containing  gently  rounded  hills  in  a broad  valley. 
The  dam  and  reservoir  rests  on  gently  dipping  black  shales  of  the  Trenton 
group,  described  in  the  geologic  map  of  New  York  (Lower  Hudson  Sheet) 
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as  the  Snake  Hill  Shale.  Shale  bedrock  forms  the  foundation  of  the  dam 
and,  according  to  design  data,  lies  a few  feet  below  ground  surface. 

The  immediate  area  does  not  contain  any  notable  faults  or  rock 
weaknesses;  however,  the  Ramapo  fault  extends  into  the  area  several 
miles  to  the  southeast  of  the  dam.  Recent  recorded  seismic  activity 
along  the  fault  has  been  noted;  this  seismic  activity  should  pose  no 
problems  to  the  stability  of  the  dam  as  located  within  Seismic  Risk  Zone 
1 of  the  Seismic  Zone  Map  of  Contiguous  States.  It  appears  that  static 
stability  calculations  are  satisfactory  for  design. 


SECTION  5 - ASSESSMENT/REMEDIAL  MEASURES 


5.1  ASSESSMENT 


The  riprap  on  the  upstream  slope  of  the  earth  embankment 
appears  to  have  been  adequate  to  provide  protection  against  erosion  and 
wave  action.  The  appurtenant  structures  associated  with  the  various 
outlet  works  appear  to  be  in  satisfactory  condition  and  should  not 
adversely  affect  the  safety  of  the  embankment. 

The  presence  of  large  trees  on  the  embankment  represents  a 
potential  hazard:  the  trees  could  be  uprooted  during  severe  storms,  and 
the  root  systems  may  provide  seepage  paths  that  could  lead  to  future 
piping  problems. 

The  outlet  pipes  are  not  provided  with  upstream  flow  control. 
The  pipes  are  always  under  pressure.  Uncontrolled  leakage  from  the 
pipes  could  cause  piping  through  the  embankment.  In  addition,  there  is 
no  available  means  of  providing  maintenance  on  the  existing  controls. 

5.2  REMEDIAL  MEASURES 

1)  All  trees  on  the  embankment  should  be  cut  off  as  near  the 
embankment  surface  as  practicable.  A further  investigation  should  be 
made  to  determine  the  extent  of  the  root  systems  before  remedial 
measures  can  be  recommended. 

2)  All  brush  should  be  removed  from  the  downstream  slope  of 
the  embankment  so  that  periodic  inspections  can  be  made  to  detect 
seepage  or  monitor  the  embankment. 

3)  The  spillway  should  be  strengthened  to  provide  adequate 
factors  of  safety  for  all  loading  conditions.  The  downstream  face  of  the 
spillway  structure  should  be  given  a concrete  coating  to  seal  and  repair 
the  surface.  This  coating  should  also  be  placed  so  as  to  seal  the  base  of 
the  structure  to  the  underlying  rock  and  prevent  further  undermining. 

4)  The  spillway  outlet  channel  should  be  cleared  of  all  trees, 
brush  and  debris  to  provide  unimpeded  flow  over  the  rock  channel.  Open 
seams  in  the  rock  bed  of  the  channel  immediately  below  the  spillway 
should  be  sealed  with  grout  or  gunite  to  minimize  ice  and  freezing 
damage,  and  prevent  further  plant  growth. 

5)  Silt  should  be  removed  from  upstream  of  the  spillway  to  a 
depth  of  3 feet  or  more  to  discourage  plant  growth  which  will  impede 
flow  over  the  spillway. 
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6)  Since  the  spillway  has  been  classed  as  seriously 
inadequate,  arrangements  should  be  made  to  provide  around-the-clock 
surveillance  of  the  dam  and  spillway  during  periods  of  unusually  heavy 
rainfall  in  the  drainage  basin  of  the  lake.  A warning  system  should  be 
established  to  provide  warning  to  residents  and  businesses  downstream  of 
the  dam  in  sufficient  time  to  prevent  loss  of  life  and  to  minimize 
property  damage. 

7)  Consideration  should  be  given  to  upstream  control  for  the 
outlet  pipes  for  safety  and  ease  of  maintenance. 
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Check  List 
Visual  Inspection 
Phase  1 


Mr.  Jess  Haffen,  Plant  Supermteni 


‘ ISUAL  EXHUMATION  OF  OBSERVATIONS  REMARKS  OR_ RECOMMENDATIONS 


None  observed  from  None. 
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APPLICATION  DATA  AND  PREVIOUS  INSPECTION  REPORT 


I 


r:f.-  mo* 


Rcniviil  . ...  .•  • ' .... 

Dis[,t  .‘.ion 

I’ound.u  ion  inspected.. 


ST.VIT.  »:;•  V.IV  YORK 

d:::v.  t'i  * i::nt  ok 

Quite  r.:iuf.ne:r  aufc  Duvuetjar 

AI.15ANY 


I)-  rn  Xo...A.££ Watershed 

' . O / / , 

Serial  Xo 


Structure  inspected — 

Application  for  the  Construe ’/.on  or  Reconstruction  of  a Dam 

Application  is  hereby  made  to  lire  Siam  Engineer.  Albany,  N.  V.,  in  compliance  with  the  provisions  of  Chapter 
LXV  of  the  Consolidated  haws  and  Chapter  647,  Laws  of  iqu,  Section  02  as  amended,  for  the  approval  of  specihca- 
tio'is  mil  detailed  drawui;;s  marked 


Jans  tv.i.i  f 00c  if  '.cot  tons  for  Platte’.rill  Dam 


, , , 1 f constriction 

heu>.vt:.t  subrmltsd  for  uie  < ; . 

plied  wh  h in  tire  erection  of  the  proposed 
liOV  10  £6 

about ■ 

(IV.tc) 

t.  The  d;;vn  will  he  on C.uui..  . .. 

J!  07/ our  h 


town  of 


| of  a dam  located  as  stat  :d  below.  All  provisions  of  law  will  be  com- 
•lam.  It  is  intended  to  complete  the  work  covered  by  the  application 


trie..  vok .flowing  into uu,v;  >rv  r:ivcrr in  ttie 

Cri  r.-'.n 


.,  County  of.. 


on  of  ';.l.l../’Jid....C.j:.Qn.a.’aar. 

v Vn  v i v ' : 1 i;;.  \ • »*..  'A,cv.Vfr;n«*5  cr  rvyuh  of  a stream) 


,17V  0* i.oi th  o.C  Ln4;e:i-r  : ,!  ' 

. t.  i. KC»  i.-. f 

2.  The  name  and  address  of  the  ovne;  is..:.-.?  ..  . . .'.'  t*  • ■'he r-i 

*.  The  dam  will  bo  used  lor..  ’ ::  • C 
4.  WM1  any  part  cC  the  darn  be  built 


uuf;  a'y.'.h’iiar:  o.s.01:  . . -Ret-X-  %r  bo 

I.o  dev«lo*r-o:r.ont 

upon  or  it  i p'i’h!  flood  any  Statu  lands? 

1 r?  R 

j,  The  watershed  ft  the  proposer*  d/.ui  drainin  ',  in’o  the  pond  to  bo  formed  tlvieby  is — ■■  — 


square  nnles. 


6.  The  proposed  ' 

r ' ■ 

run  will  have  a ; 

. • ' ■’  ' . 

•r  .1  area  ? 

**.  f 

1-  rsih’c 

7.  The  Invest  ;.o  . 

of  the  v.r.i.iua;  .■ ' 

(•••■:  of  llte 

rvd 

( wry  where  el  i*. 

' w i!  !.e 

t . , . 

•*■»*  . 

• .•  ■ /-  of  ■ ■ 

‘ ' • 

\ , v‘  . 

<).  State  if  nay 

• /.  ,0  *.■••  or* 

• :.ny  i nil 

Wh 

v.v  *ii  t*.«*  f»roj/ • T 

.1  ... 

' -.r  . 

V 

. 0 - • tr 

• ■ 

• ; ■ 

to.  The  . at  tie.  1 r. 

• • ;■  ;i.< ...  • 

A-iiici; 

u, : late,  ihitt.  tom  , 

flCQ 


..acres 


• d n site  w.v;  ..  ..  cubic  for t per  second  on 

n liHlnf--  ? l.  .*  : «,.'«?»<>  _ 

iv  i «•*.*:  , 1 ..ads  or  od.  -r  property  coni  1 1*1  ert  -l  by  any  possible 


4 is  {.lav,  ai'd,  gravel,  i adders,  granite 


• 1 1.  The  material  <>f  the  right  hi  the  d'reeiion  wiih  the  cavreai , is ...  at  the  spillcrc  at  cleva- 

?"  

t on  th  s materia!  lias  a top  slope  o.  ... inehes  wrt’.cnl  to  a loot  horizontal  on  the  center  line  of  the  <la’n.  a 

vertical  thickness  at  tit's  elevation  of  1 > feet,  ami  the  top  surface  extends  for  a vertical  height  of  

feet  above  the  spillcrest. 

12.  The  material  of  tl’.e  left  bank  is rr«  v.-t  -e. r,-,;- has  a top  s'ope  of . .^ inches  to_a_footjjonzwital,  a 

thickness  o f Uf*  n feet , and  a height  of ° tVct 

13  State  the  character  of  the  bed  and  the  banks  in  respect  to  the  hardness,  perviousness,  water  bearing,  clTcct 

of  exposure  to  air  and  to  water,  uniformity,  cm  ‘ XjIo,  hftid.  .utcro  n i:0  r t o.:e 

. .'•"■Q ?. 1. .(• Q V. in £. C.lgy..har.d.,.  .1.1  up... r. r. a. c tic.al.ly...  Iran arv ?b-ki ;.g 


14.  If  the  bed  is  in  layers,  are  the  layers  horizontal  or  inclined?. 


Inclined 


If  inclined,  what  is  the 


direction  of  the  horizontal  outcropping  relative  to  the  axis  of  the  main  dam  and  the  inclination  and  direction  of  the 

layers  in  a plane  perpendicular  to  the  horizontal  outcropping .■  Q — - "Ortof'.l  OvtcrOmoiny 

.... abnut..-SO.^...-in-  roil-ation  - -t-o-.a-x-is  -o;'  ■ dr-  v. ■:r,nfcld.Kg.^5..xsn...Q.f...ia-ye-r-£----4w- 

f : on  Dernonf.  v c alar ♦ 

15.  What  is  the  thickness  of  the  laycrs?...j..}ja)ii.-(;. 


16.  Are  there  an}-  porous  seams  or  fissures?.. 


1.0 


17.  Wastes.  The  spillway  of  the  above  proposed  dam  will  be  .1Z»> fee"  long  in  the  clear;  the  waters 

will  be  held  at  the  right  end  by  a J..  Q }~<9.?-vtthe  top  of  which  will  be  5 ....feet  above 

the  spillcrest,  and  have  a top  width  of ^ feet ; and  at  the  left  end  by  n ~r' 

the  top  of  which  will  be.. .•?... feet  above  the  spillcrest,  and  have  a top  width  of  ..A.... feet. 

18.  There  will  be  also  for  flood  discharge  a pipc.—v.G.:’ inches  inside  diameter  and  the  bottom  will  be  ..■£■  0.. 

C6"  in  (1 1 r jiGto? 

feet  below  the  spillcrest,  a sluice  or  gate ...' loot  Iwdo  ui  the  clear  by feet  high,  and  the  bottom  will 

fce.JlL feet  below  the  spillcrest.  AlE0  -V^i  ::p"  V-flc  vfi  lvyp 

IV  hol-r-  .-nngrett 

19.  Apron.  Below  the  proposed  dam  there  will  be.  an  apron  built  of  Pill...’.  <V . ’111.  .r ,e  .r.n 

Ion  ' c roc’'; 

feet  long  across  the  stream, feet  wide  and  feet  thick.  The  downstream  side  ot1  llio  apron 

\\ i!i  ha\  e a thickness  of feet  for  a width  of feet. 

ro.  Plans.  Each  application  for  a permit  of  a dam  over  12  feet  in  height  mint  be  accompanied  by  a location 
map  ai.d  complete  working  drawings  in  triplicate  of  the  proposed  strips.  ure,  one  set  o’  which  will  be  re!  umed  if  they 
arc  approved.  Each  drawing  shculd  lun e a title  giving  lee  parts  shown,  the  name  of  the  to  vn  and  comity  in  which 
tin  d un  site  is  located,  and  the  name  of  l lie  owner  ard  of  the  engim.vr. 

The  location  map  t 1\  S.  Geological  (}u  idrangle  or  takes  map.  . u'  1 ho.v  the  exact  location  of  the  proposed 
da  n;  of  buildings  bc'ow  the  dam  wlv'ch  might  l e dan  a;'.<  d by  Pin  fai'u.  • .he  dam;  of  n i ls  adjacent  to  or  crossing 
111*,  sin  am  below  the  dan>,  giving  ti;e  low,  t e levation  of  the  ro..d..  e.y  ; : ove  the  . .1  1 ami ; ;v:  •_  eh.-  shape. 
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iir.y  : 

V ■ K;  1 

!»y 

...  c . , 

. l.  ; hi-  a 

... 

■•••  .:  e ■ tuA  f 

invl- 

Ac  C l t 

li’jat  i - : 

••  hick  ••• 

\vi(h!  , . 

; hrc..*.*:  rtiid  i 

and  : 

lines, 

: . z.iftV 

top  v.  ’ 

; top  !.I- 

o ’ era  h i 

.,d  ' r the  dr: 

c?. 

1!  I YATICNS. 

Bene  1 1 r 

1.  Is;  of  the 

spill;  n1'  i 

!..■  spillcrc-il 

?.t. 

Samples.  V 

posed  cK 

n:.  using  shi; 

stone  lie 

i r J inch  in  s 

of  k dge 

and  one-half 

2-1- 

INSPCCTION. 

Co: 

: i c ; ’ * omnie  -.. ; and  of.  any  embankments  or  sleep  slopes  that  any  flood  could  par; 
, ••  : ::  ■ made  of  the  ground  below  1 1 ic  dam. 

• a ; i i’  l give  all  the  dimension:  necessary  for  the  calculations  of  the  stability 

,j ; ’\d  for  below  under  “ Skelelie.-i."  There  may  be  attached  to  the  applica- 

, c.  Vul-nion:  invc  .ligations  or  opinions  that  n ay  aid  in  showing  the  data  and  method  used 

• e ar:  timed  ice  -nd  uplift  pre-  ires  and  the  conditions  on  which  based, 
i , r,!i  ami  t i rn  pcatant  structures,  if  plans  have  not  been  made,  on  the  back  of  this 

• ,ch  to  .rale  for  each  different  eross-scction  at  the  highest  point;  giving  the  height  and  the 


a! ion  is  to  be  con:  t meted;  on  the  spillway  section  show  a cross  section  of  the  apron,  giving  its 


Abo  give  the  elevations,  if  possible  from  the  Mean  Sea  Level,  of  at  least  two  permanent 


u.  iny  shipping  tags' which  will  be  furnished,  lor  sand,  one-half  a cubic  foot  is  desired  (exclusive  of  any 


. VAvit.u  SiTi'i.v.  Are  the  waters  impounded  by  the  above  dam  to  be  used  for  a public  water  supply  ...o 

] fas  an  application  ur.clc ; the  pro\  isions  of  Article  IX  of  the  Conservation  Law  for  such  use  been  made  to  the  \\  ater- 
Con!  o'  Commission,  Albany,  N.  V ? A,° 


DAM  INS  1'KCTION  REPORT 
(Uy  Visual  Inspection) 


..1  Number 

R i.ve  r I’.a  s i n 

Town 

County 

Hazard  Class* 

Date 

& Inspector 

&S3 

■ / / 

Or.//  (0 

c 

*/(./->  * K 

Type  of  Construct  ion 


Use 


rZV^Earth  w/concretc  spillway 

Water  Supply 

I-]  Earth  w/drop  inlet  pipe 

□ 

Power- 

| | Earth  w/stone  or  riprap  spillvjay 

Recreation 

1 Concrete 

□ 

Fish  and  Wildlife 

| | Stone 

□ 

Farm  Pond 

| | Timber 

□ 

No  Apparent  Use-Abandor 

Estimated  Impoundment  Size 

Estimated  Heiqi 

it  of  Dam  above  Streambe 

j~~|  1-5  acres 

n 

Under  10  feet 

j | 5-10  acres 

□ 

10-25  feet 

Over  10  acres 


Over  25  feet 


Condition  o£  Spil l way 

Q^J.^ervice  satisfactory  Auxiliary  satisfactory 

□ In  need  of  repair  or  maintenance  □ In  need  of  repair  or  maintenar 

Explain:  


Condition  of  Non-Ovcrf low  Section 


[^^-'-Satisfactory 

[“[  In  need  of  repair  or  maintenance  Explain: 

V> 


Condition  of  Mechanical  Equip'.  ant 


[ J — T-”«i tisfnetory 

| “|  In  need  of  repair  or  maintenance  Explain: 


Evaluation  (Ere::)  Visual  T ns  peel:  i op) 

□ ;:o  defects  observed  beyond  normal  maintenance 

[ j Repairs  requi.c<<l  beyond  normal  maintenance 


•i;;::i*Lai»-?;n':o::j!  O':  a ■ : 


■ymfi 


T 


S i ' j \i 

\) • . * v im: i . nt  * • f-  a s*ii  K; 

Y;  |,ai 

Al.H.vN  , 


;*  #\ I*  1>  ' * k - • *'t  tsj 


x..  ’ / • 

Tests  of  Sanci  from.  -v  ^ ! 

for  list*  on  Go!unir‘*  \:o..r^*r- * /.  J- 

C-V^iU^xi  Sample  N0....AT0.  . r ’.vn. r*..y 


Snn«l  is  . c rtr*rrj~:-  yA  ..  ■*.*- 


f; 

. /,v»  ■ 

: receive. 


r:. ; 


- - V N.  V., 

V-'  1 );vi-.k>n. 

; made  up  '^X<f 

' - 


' { '^V.Yr'r'v^fS  - 

0 


/) 


'*/!  , 

Vtirht 


I /o  • n 


/. 


■ xL.irK-.'\  .. 


XXL- 


-A. 


Percentage  of  Voids 
Paris  of  sand  to  cement,  by 
Temperature  of  van  r used  in  iid:in;;. 

Cement  used  in  lists ■>'-  .-•.•v 

Sets  (determined  by  Vicat  needle):-- Initial,  ] , . . . 

x 1 A 11. Jim.  reqi’ir  1.  1,1  • . 

Constancy  of  Volume  Tests: ---Normal  air : Non  i:d  water.  . 

Fineness  (per  cent  ’Kissing  standard  sieve  No.  ico)  

( “ “ No.  200) '!■  . 


..sand  : e i .-ei.-teiif.  - cent  v.f.lvr  used -/./..  . 


e-  t 


Fahr.  Briket  R>  ’■:<  pi.  i::  *i..  i i air  24  hour;  and  then  immersed 

. This  a menl  tested  as  follows: — 


. min.  1 


; i.-ii 


, Jin ’...?. min.  ( 

( Max.  rc  luiremcnt  600  min.  ) 

.....;  Accelerated  ~. 

(Requirement,  g.’Sel 

....(Rociuirement , 7 S') ) 


TENSILE  STRUNG 

Til  IN  POUNDS  l’HR  SOI  .', RE  INCH 

SIZE  OF 

SAND 

STANDARD  SAND 

NATCH  A 1 SAND  WASIH-.i 

AnO 

HISSING 

SIEVE 

7 Dayi  s3  Daya 

7 Day*  as  I)nys  7 Dayi- 

as  Day* 

No. 

IVr  Ct-n* 
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3 O -A* 

u. 
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3 AO* 
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3 x.  0* 
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froY 
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/ o 

yo-±* 
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3 3 cj  
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/3-  f 

y A 

9w 
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A .£> 
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/ •> 

Remains: 


1 Cuktipv  Hut!  :< 1/  lr:n'  ab.-inut  t,ih\n  /Va.’i  ; /i . • iw.nds  oj  Ls!.< • -b.s'- fjH-.u 


JUSTIN  & COURTNEY,  INC. 
Division  of  O’Brien  & Cere  Engineer*.  Inc. 
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Project. 


C,i\Kr>uMeX  Ltwif.  ~D(w\ 


SHEET  NO — 
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